Enzyme-linked immunosorbent assays (ELISAs) are widely available for detection of both immunoglobulin G (IgG) and IgM antibodies to a variety of common viruses; however, this technique has been applied to relatively few arboviruses (2, 6, 9, 10, 12, 14) . Venezuelan equine encephalomyelitis (VEE) virus, an alphavirus of the family Togaviridae, is a veterinary and human public health problem in the Americas, including the southern United States (3, 7) . Many strains of VEE virus infect horses (17) and have been associated with equine epizootics as well as outbreaks of disease in humans. Both epizootic and enzootic VEE strains have high potentials to infect humans (5, 7, 8, 15) . We report here the development of sensitive and specific ELISAs for the detection of IgM and IgG antibody responses to VEE virus in humans after natural infection or immunization with live, attenuated vaccine. It is our contention that this assay provides a rapid, specific, and sensitive method for diagnosis of this disease.
MATERIALS AND METHODS ELISA procedures. (i) IgG antibody test.
The procedure used is essentially that of Yolken and Leister (18, 19) . Polyvinyl microtiter plates (Dynatech Laboratories, Inc., Alexandria, Va.) were coated with VEE TC-83 antigen diluted 1:200 in pH 9.6 coating buffer (16) , incubated overnight at 4°C, and washed before the addition of test sera. Sera for screening were diluted 1:20 in phosphate-buffered saline (PBS) containing 0.5% gelatin (19 Antigen. VEE virus (TC-83 vaccine strain) was prepared as described by Jahrling and Gorelkin (11) . Confluent BHK- 21 cells grown in 800-cm2 roller bottles were infected at a multiplicity of 1.0 and incubated at 37°C for 2 days. Culture fluids were centrifuged (400 x g.) to remove cellular debris and then centrifuged 60,000 x g for 90 min, and the pellet was extracted with Genitron 113 (Allied Chemical, Morristown, N.J.). After purification by rate zonal centrifugation (90,137 x g, 120 min) in a 10 to 30% (wt/wt) linear sucrose gradient, the opalescent virus band was collected and stored at -70°C in 0.2-ml aliquots. Virus titers ranged from 109 to 1011 PFU/ml. N test. The plaque reduction neutralization test (N test) was similar to that described by Burke et al. (4) . Human test sera were heated (56°C for 30 min), and a 1:10 dilution was prepared in Hanks balanced salt solution containing 100 units of penicillin and 100 ,ug of streptomycin per ml. Serial twofold dilutions were made in Hanks balanced salt solution containing 2% fetal bovine serum. VEE virus (Trinidad donkey strain, prepared in Vero cells) was diluted in Hanks balanced salt solution with 5% fetal bovine serum and antibiotics to yield 100 PFU/0.1 ml. Virus suspension (0.1 ml) was added to an equal volume of each serum dilution, and the mixture was incubated at 4°C overnight. Confluent monolayers of Vero cells in 12-well (4.5-cm2) plastic plates (Linbro Chemical Co., New Haven, Conn.) were inoculated in duplicate with each serum-virus mixture, absorbed for 1 h at 36°C, and then overlaid with 1.5 ml of 1% agarose containing Eagle basal medium with Earle saîts with 4% fetal bovine serum and antibiotics. Plates were incubated for 24 h at 36°C in a humidified atmosphere of 5% C02 and then overlaid with an additional 0.75 ml of agarose overlay containing 0.017% neutral red. Plates were reincubated for 24 h, and plaques were counted. Neutralization titers were expressed as the highest dilution of serum resulting in an 80% reduction in the plaque counts.
Anti-VEE antibody. Rabbits were inoculated intramuscularly with 7.0 x 109 PFU of VEE TC-83 virus (11) Additional testing of other VEE N-test-negative sera (unpublished data) suggested that the total overall IgG falsepositive rate was approximately 1.0% (4 of 441). In the IgM antibody capture assay, no false-positives occurred among 321 neutralizing antibody-negative sera tested.
The specificity of the VEE IgG ELISA was further demonstrated by testing eight sera from vaccinees previously immunized with multiple viral agents with the exception of VEE. All sera contained neutralizing antibody to eastern or western equine encephalomyelitis viruses, but were negative for VEE ( Table 1) .
The sensitivity of the VEE IgG assay was compared with that of the N test with a second set of 100 coded pre-and postimmunization human sera from laboratory personnel receiving bunyavirus, flavivirus, and alphavirus vaccines. Sixty-two VEE-positive and 38 VEE-negative sera were found by ELISA. Of the 62 VEE-positive sera, 58 (94%) were also positive by the N test. No N-test-positive, ELISAnegative sera were found. Immunization histories of persons providing the four ELISA-positive, N-test-negative sera indicated that two of the four had been immunized with VEE vaccine more than 8 years earlier. The other two had no known exposure to VEE virus. Therefore, 2 of 62 were designated as ELISA false-positive in this series.
Of the 58 ELISA-positive sera, the titers of 43 were determined by both IgG ELISA and the N test (15 lacked sufficient volume for further testing). The degree of correlation of titers (p = 0.78) is shown in Fig. 1 In contrast to a previous report that specific IgM preceded IgG for a different flavivirus infection (Dengue [6] ) our results suggest that for VEE, the shift from IgM to IgG production occurs early or perhaps their production occurs simultaneously. In 8 of 10 VEE vaccinees, high IgM and low In the majority of VEE vaccinees, IgM antibodies persist longer than in the naturally infected individuals. This apparent quantitative difference could be attributable to the use of VEE TC-83 vaccine as antigen in the assay, since the patients were most likely infected with a VEE serotype ID (strain 3880) which is endemic in Panama (5) and antigenically distinguishable from TC-83 (13, 21) . This is similar to the report of Burke et al. (4) who found that after immunization with VEE TC-83, N-test titers to the homologous epizootic virus were much higher and persisted longer compared with those for heterologous enzootic VEE virus strains. Preliminary studies (unpublished data) on a limited number of individuals presumably naturally infected with strain 3880 indicate that the endemic strain 3880 might react with IgM antibodies not detected by the TC-83 antigencontaining ELISA, whereas TC-83 reacts later with developing IgG antibodies more readily than the 3880 strain.
The results presented here suggest that the described VEE IgG and IgM ELISAs are rapid, sensitive, and specific means of measuring the antibody status of vaccinated and naturally infected humans.
